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SPECIFICATION 

1. Title of the Invention 

ELECTRON EMISSION ELEMENT MANUFACTURING METHOD 

2. Claims 

(1) An electron emission element manufacturing method 
characterized by the step of subjecting the thin film of an 
electron emission material interposed between confronting 
electrodes to energization and heating processing in a 
heated atmosphere to thereby form an electron emitting 
portion having a high resistance. 

(2) An electron emission element manufacturing method 
according to claim 1, wherein the heated atmosphere is an 
atmosphere formed using a plate-like heater, an infrared 
heater or a high temperature vessel. 

3. Detailed Description of the Invention 
[industrial Field of the Invention] 

The present invention relates to an electron emission 
element manufacturing method, and more specifically, to an 
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electron emission element manufacturing method of carrying 
out forming by energizing and heating a substrate or a panel 
in a heated atmosphere formed making use of a heating means 
such as a high temperature vessel, an infrared heater and 

the like. 

[Description of the Related Art] 

conventionally, there is known a cold cathode element 
reported by, for example, M. I. Eltnson et al. (Radio 
Engineering Electron Phys. vol. 10, pages 1290 - 1296, 1965} 
as an element which can obtain electron emission by a simple 
structure. 

This is generally called a surface conductive type 
emission element which makes use of a phenomenon that 
electron emission is caused when a current flows to the thin 
film of a small area formed on a substrate in parallel with 

a film surface. 

Reported as the surface conductive type emission 
element are an element using SnO,(Sb) thin film developed by 
Elinson et al., an element using an Au thin film (G. 
Dittmer: "Thin Solid Films") Vol. 9, page 317, 1972), an 
element using an ITO thin film (M. Hertwell and C. G. 
Fonstad: "IEEE Trans. ED Conf.") page 519, 1975), an element 
using a carbon thin film (Hisashi Araki et al.: "Vacuum" Vol. 
26, No. 1 page 22, 1983, and the like. 

Fig. 3 shows a typical element arrangement of the 
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surface conductive type emission elements. In Fig. 3, 
numerals 1 and 2 denote electrodes for obtaining electrical 
connection, numeral 3 denotes a thin film formed of a 
electron emission material, numeral 4 denotes a substrate, 
and numeral 5 denotes an electron emission portion. 

conventionally, in these surface conductive type 
emission elements, an electron emission portion is 
previously formed by energization and heating processing 
called forming prior to the execution of electron emission. 
That is, the thin film 3 is energized by imposing a voltage 
between the electrodes 1 and 2. Then, an electron emission 
function is obtained by locally breaking, deforming or 
altering the thin film 3 with the Joule heat generated 
thereby and forming the electron emission portion 5 which is 
in an electrically high resistance state. 
[Problems to be Solved by the invention] 

However, in the forming carried out only by the 
conventional energization and heating as described above, 
thermal stress is accumulated in a substrate or in the thin 
film of an electron emission material when it is heated, or 
it is cooled rapidly because an in-film current does not 
flow just after the forming is finished. Thus, the 
following problems are caused by the accumulated energy and 

the rapid cooling: 

(1) the substrate is cracked in the forming because the 
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substrate is locally heated in the energization and heating; 

(2) since the degree of change of the thin film caused 
by the energization and heating, for example, the degree of 
local breakage, deformation, alteration and the like is 
varied among a plurality of elements formed on the same 
substrate, there is a problem in the uniformity and 
reproducibility of the characteristics of the respective 
elements formed in the same substrate. 

Because of the above problems, at present, the surface 
conductive type emission element is not positively used in 
industries regardless of the advantage thereof that an 
element structure is simple. 

An object of the present invention, which was made to 
solve the above problems of the conventional example, is to 
provide a method of manufacturing an electron emission 
element capable of preventing the breakage of a substrate by 
subjecting the thin film of an electron emission material to 
energization and heating processing in a heated atmosphere 
and uniformly forming a plurality of elements in the same 
substrate with good reproducibility without the variation of 
quality. 

(Means for Solving the Problems] 

The present invention is an electron emission element 
manufacturing method which is characterized by the step of 
subjecting the thin film of an electron emission material 
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interposed between confronting electrodes to energization 
and heating processing in a heated atmosphere to thereby 
form an electron emission element having a high resistance. 

In the present invention, it is preferable to carry out 
the energization and heating processing in the heated 
atmosphere which is an atmosphere formed using a plate-like 
heater, an infrared heater, a high temperature vessel and 
the like and to form an electron emitting portion having a 
high resistance. 
[Operation] 

The electron «nission element manufacturing method of 
the present invention is arranged such that the thin film of 
an electron emission material interposed between confronting 
electrodes is subjected to energization and heating 
processing in a heated atmosphere to thereby form an 
electron emission element having a high resistance. Heating 
and cooling are carried out stepwise so that the thermal 
stress caused to a substrate or to the thin film of a 
electron emission material is moderated when it is heated, 
whereby the breakage of the substrate can be prevented and a 
plurality of electron emission elements having uniformity 
can be manufactured in the same substrate with good 
reproducibility without the variation of quality. 
[ Embodiment ] 

The present invention will be described below in detail 
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with reference to an embodiment shown in drawings. 

Fig. 1 is a view explaining the embodiment of the 
present invention, in the figure, numeral 14 denotes a 
substrate having an insulating property, numeral 13 denotes 
a thin film formed of an electron emission material, 
numerals 11 and 12 denote electrodes for obtaining electric 
connection, and numeral 15 denotes a plate-like heater for 
heating an overall substrate or an overall panel. 

in Pig. 1, the method of manufacturing the electron 
emission element of the present invention is arranged such 
that, first, a thin film, which is composed of an electron 
emission material of various semiconductors, for example, 
metal oxides such as SnO„ i„,o„ Pbo, etc., metals such as 
Au, Ag, Pt, etc., carbon and the like, is formed on the 
rinsed glass substrate 14 by vapor deposition or sputtering 
and then the thin film 13 composed of the electron emission 
material and having a neck portion, where an electron 
emission portion is formed, is formed by photolithography. 

Next, the electrodes U and 12 for obtaining the 
electric connection to the electron emitting portion are 
formed on the thin film 13 using an ordinary conductive 
material such as Ni, Pt, Al, Cu, Au or the like. 

The thus formed element is heated by the ordinary 
plate-like heater 15 in air or in a vacuum vessel to an 
arbitrary temperature ranging from a room temperature to a 
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maximum temperature which is the point at which the 
substrate 14 is distorted or the melting point of the 
electron emission material of the thin film 13 so as to 
generate a heated atmosphere. Then^ a voltage is imposed 
between the electrodes 11 and 12 and the thin film 13 of the 
electron emission material is subjected to energization and 
heating processing so that the thin film 13 is locally 
broken, deformed or altered, thereby forming an electron 
emitting portion having a high electric resistance. 

At the time, in the forming, which was carried out by 
means of only the energization and heating processing 
without using the heated atmosphere similarly to the 
conventional method, the substrate was cracked and the 
characteristics of the element could not be measured. 
However, according to the embodiment, the forming could be 
carried out without the occurrence of crack in the substrate. 

Next, Fig. 2 shows a view explaining an electron 
emission element manufacturing apparatus in which the 
heating atmosphere is formed using an infrared heater. In 
the figure, numeral 21 denotes an electron emission element, 
numeral 22 denotes a power supply unit for carrying out the 
energization and heating, numeral 23 denotes a bell-jar, 
numeral 24 denotes a vacuum and exhaust unit and numeral 25 
denotes the infrared heater for heating the electron 
emission element. In Fig. 2, heating is carried out using 
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the infrared heater in vacuum and the thin film of the 
electron emission material is subjected to the energization 
and heating processing in the heated atmosphere likewise in 
the Fig- 1, whereby an electron emitting portion having a 
high resistance can be formed. 

Further, according to the electron emission element 
manufacturing method of the present invention, the electron 
emitting portion having the high resistance can be formed by 
carrying out the energization and heating processing in the 
heated atmosphere using a high temperature vessel. 

In any of the above methods, the forming can be carried 
out without the occurrence of cracking of the substrate 
likewise the embodiment shown in Fig. 1. 

Further, according to the present invention, even if 
the same substrate has a plurality of electron emission 
elements, forming having uniformity and reproducibility can 
be carried out in the same substrate because the substrate 
is kept at the same temperature as a whole. 

Further, the electron emission element can be subjected 
to the forming after it is arranged as a panel in a display 
tube. At the time, the breakage of the element can be 
prevented when it is arrange as the panel. 

As shown in the embodiment, in the forming of the 
present invention, the thermal stress caused to the 
substrate and the thin film in the energization and heating 
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processing can be moderated by performing heating and 
cooling stepwise by avoiding rapid heating when the 
substrate and the thin film are heated in the heated 
atmosphere and avoiding rapid cooling thereof. in a 
subsequent cooling step. Accordingly, the breakage of the 
substrate can be prevented and the forming having the 
uniformity and reproducibility can be can be carried out to 
a plurality of elements in the same substrate. 
[Advantages] 

As described above, the electron emission element 
manufacturing method of the present invention has the 
following excellent advantages by carrying out the forming 
by means of the energization and heating processing in the 
heated atmosphere: 

(1) the breakage of a substrate can be prevented; 

(2) a plurality of uniform elements having 
reproducibility can be formed in the same substrate without 
the variation of quality; and 

(3) a degree of freedom can be increased in the design 
of elements and in the design of their manufacturing 
processes. 

4. Brief Description of the Drawings 

Fig. 1 is a view explaining an embodiment of an 
electron emission element manufacturing method of the 
present invention. Fig. 2 is a view explaining an electron 
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emission element manufacturing method by which a heated 
atmosphere is formed using an infrared heater, and Fig. 3 is 
a view explaining conventional art. 
1, 2, 11, 12 ^ electrode 

3, 13 ^ thin film 

4, 14 substrate 

5 « electron emitting portion 
15 «. plate-like heater 

21 ^ electron emission element 

22 « power supply unit 

23 ^ bell-jar 

24 vacuum and exhaust unit 

25 ^ infrared heater 
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